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ABSTRACT

A method and an apparatus are provided for powering off a
portion of a memory of a mobile system. The apparatus may
store data within a memory of the apparatus. The apparatus
may copy a first portion of the data stored in a first portion
of the memory into a second portion of the memory so that
the data 1s stored 1n the second portion of the memory. The
first and the second portion of the memory may be the same
memory type. The disclosure discusses various triggering
events that may cause the apparatus to copy the first portion
of the data stored 1n the first portion of the memory into the
second portion of the memory. The apparatus may then turn

I the first portion of the memory. In this manner, the

memory consumes less power when storing the data during

a low power mode.

24 Claims, 7 Drawing Sheets
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1
PARTIAL AREA SELFKF REFRESH MODE

BACKGROUND

Technical Field

The present disclosure relates generally to mobile sys-
tems, and more particularly, to methods and apparatuses for
mobile services with a memory.

Introduction

Mobile systems are widely deployed to provide various
telecommunication services such as telephony, video, data,
messaging, and broadcasts, position location services from
systems such as GPS, data collection and monitoring, telem-
atics, and other types of mobile services. Mobile systems
may be deployed 1n wireless communication devices such as
smart phones, mntegrated into mobile platforms such as
automobiles, laptops, sensors, Internet of Things (IoT), etc.

One of the problems with mobile systems 1s the conser-
vation of battery power. More specifically, even when these
types of apparatuses are 1n a low power mode (e.g., a sleep
mode, an 1dle mode), maintaining critical data in a memory
to restore the apparatuses when the apparatus awakens can
consume large amounts of power. Thus, techniques for
reducing the amount of power needed by the memory to
store the data 1n the low power mode are needed.

SUMMARY

The following presents a simplified summary of one or
more aspects 1n order to provide a basic understanding of
such aspects. This summary 1s not an extensive overview of
all contemplated aspects, and 1s intended to neither identity
key or critical elements of all aspects nor delineate the scope
of any or all aspects. Its sole purpose 1s to present some
concepts of one or more aspects 1n a simplified form as a
prelude to the more detailed description that 1s presented
later.

In an aspect of the disclosure, a method and an apparatus
are provided for powering ofl a portion of a memory of a
mobile system. The apparatus may store data within a
memory of the apparatus. The memory may 1nclude a first
portion and a second portion of the same memory type. The
data may be stored in the apparatus during a normal mode
of operation. The apparatus may copy a first portion of the
data stored in the first portion of the memory into the second
portion of the memory so that the data 1s stored in the second
portion of the memory. The apparatus may then turn off the
first portion of the memory. In this manner, the memory
consumes less power when storing the data needed to restore
the apparatus once the apparatus 1s awoken.

In an aspect, various triggering events may cause the
apparatus to copy the first portion of the data stored in the
first portion of the memory into the second portion of the
memory. These triggering events may be associated with the
apparatus being 1n non-use for an extended period of time.

To the accomplishment of the foregoing and related ends,
the one or more aspects comprise the features heremafter
tully described and particularly pointed out in the claims.
The following description and the annexed drawings set
forth 1n detail certain illustrative features of the one or more
aspects. These features are indicative, however, of but a few
of the various ways 1 which the principles of various
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2

aspects may be employed, and this description 1s intended to
include all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1illustrating an example of a mobile
system and an access network.

FIG. 2 1s a diagram that illustrates one implementation of
an apparatus of a mobile system.

FIG. 3 1s a diagram that illustrates another implementa-
tion of an apparatus ol a mobile system.

FIG. 4 1s a flowchart of a method of operating an
apparatus of a mobile system.

FIG. 5 1s a flowchart of another method of operating an
apparatus of a mobile system.

FIG. 6 1s a conceptual data flow diagram illustrating the
data tlow between different components 1n an exemplary
apparatus.

FIG. 7 1s a diagram 1llustrating an example of a hardware
implementation for an apparatus employing a processing
system.

DETAILED DESCRIPTION

The detailed description set forth below in connection
with the appended drawings i1s intended as a description of
various configurations and 1s not intended to represent the
only configurations 1n which the concepts described herein
may be practiced. The detailed description includes specific
details for the purpose of providing a thorough understand-
ing of various concepts. However, 1t will be apparent to
those skilled 1n the art that these concepts may be practiced
without these specific details. In some instances, well known
structures and components are shown 1n block diagram form
in order to avoid obscuring such concepts.

Several aspects of mobile systems will now be presented
with reference to various apparatus and methods. These
apparatus and methods will be described 1n the following
detailed description and illustrated 1n the accompanying
drawings by various blocks, components, circuits, pro-
cesses, algorithms, etc. (collectively referred to as “ele-
ments”). These elements may be implemented using elec-
tronic hardware, computer soitware, or any combination
thereof. Whether such elements are implemented as hard-
ware or software depends upon the particular application
and design constraints imposed on the overall system.

By way of example, an element, or any portion of an
clement, or any combination of elements may be 1mple-
mented as a “processing system” that includes one or more
processors. Examples of processors include microproces-
sors, microcontrollers, graphics processing units (GPUs),
central processing units (CPUs), application processors,
digital signal processors (DSPs), reduced instruction set
computing (RISC) processors, systems on a chip (SoC),
baseband processors, field programmable gate arrays (FP-
(GAs), programmable logic devices (PLDs), state machines,
gated logic, discrete hardware circuits, and other suitable
hardware configured to perform the various functionality
described throughout this disclosure. One or more proces-
sors 1n the processing system may execute soltware. Soft-
ware shall be construed broadly to mean instructions,
instruction sets, code, code segments, program code, pro-
grams, subprograms, software components, applications,
software applications, software packages, routines, subrou-
tines, objects, executables, threads of execution, procedures,
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functions, etc., whether referred to as software, firmware,
middleware, microcode, hardware description language, or
otherwise.

Accordingly, 1n one or more example embodiments, the
functions described may be implemented 1n hardware, sofit-
ware, or any combination thereof. If implemented 1n soft-
ware, the functions may be stored on or encoded as one or
more 1nstructions or code on a computer-readable medium.
Computer-readable media mnclude computer storage media.
Storage media may be any available media that can be
accessed by a computer. By way of example, and not
limitation, such computer-readable media can comprise a
random-access memory (RAM), a read-only memory
(ROM), an electrically erasable programmable ROM (EE-
PROM), optical disk storage, magnetic disk storage, other
magnetic storage devices, combinations of the aforemen-
tioned types of computer—readable media, or any other
medium that can be used to store computer executable code
in the form of instructions or data structures that can be
accessed by a computer.

FIG. 1 1s a diagram 1illustrating an example of a mobile
system 104 1n an access network 100. The mobile system
104 may communicate with the access network 100 such as
a wireless communications system (also referred to as a
wireless wide area network (WWAN)) that includes a net-
work of base stations 102. The base station 102 may
communicate with the mobile system 104 through a com-
munication link 120. The mobile system 104 may receive
timing and positioning signals 106 from a constellation of
GPS satellites 110 to determine the position of the mobile
system 104. The mobile system 104 may communicate with
cach other using device-to-device (D2D) communication
link 192. Examples of mobile systems 104 include a cellular
phone, a smart phone, a session 1nitiation protocol (SIP)
phone, a laptop, a personal digital assistant (PDA), a satellite
radio, a global positioning system, a multimedia device, a
video device, a digital audio player (e.g., MP3 player), a
camera, a game console, a tablet, a smart device, a wearable
device, a vehicle, an electric meter, a gas pump, a large or
small kitchen appliance, a healthcare device, an implant, a
display, or any other similar functioning device. Some of the
mobile systems 104 may be integrated into an automobile,
a truck, or other types ol mobile platforms. Some of the
mobile systems 104 may be referred to as IoT devices (e.g.,
parking meter, gas pump, toaster, vehicles, heart monitor,
ctc.). The mobile system 104 may also be referred to as a
station, a mobile station, a subscriber station, a mobile unit,
a subscriber unit, a wireless unit, a remote unit, a mobile
device, a wireless device, a wireless communications
device, a remote device, a mobile subscriber station, an
access terminal, a mobile terminal, a wireless terminal, a
remote terminal, a handset, a user agent, a mobile client, a
client, or some other suitable terminology.

One of the problems with an apparatus of mobile systems
1s the conservation of power during a low power mode. For
example, critical data may need to be stored 1n a memory 1n
order to restore the apparatus when the apparatus awakens.
Maintaining this critical data stored while consuming less
power may thus reduce the amount of power needed by the
memory to store the data 1in the low power mode.

Referring again to FIG. 1, 1n certain aspects, the mobile
system 104 may be configured to store data in the apparatus
during a normal mode of operation, copy a first portion of
the data stored 1n a first portion of the memory 1nto a second
portion of the memory so that the data 1s stored in the second
portion of the memory, and turn ofl the first portion of the
memory. As explained 1n further detail below, various trig-
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4

gering events may cause the mobile system 104 to copy the
first portion of the data stored in the first portion of the
memory 1nto the second portion of the memory so that the
data 1s stored in the second portion of the memory. These
triggering events may be associated with the apparatus being
in non-use for an extended period of time. The mobile
system 104 may then turn off the first portion of the memory.
In this manner, the memory consumes less power when
storing the data needed to restore the apparatus once the
apparatus 1s awoken.

FIG. 2 1s a diagram 200 illustrating an apparatus 202 for
a mobile system, which may be an example of the mobile
system 104 described above. The apparatus 202 includes a
mobile platform 204, which may be provided as a System on
Module (SoM) or a System on Chip (SoC) within the
apparatus 202. One example of the mobile platform 204 may
be any one of the Snapdragon™ mobile platforms provided
by Qualcomm®. Thus, 1n some aspects, the apparatus 202
may be a smart phone, a tablet, or an IoT device. In another
aspect, the apparatus 202 may be integrated into an auto-
mobile and may be, for example, a GPS system integrated
into the automobile. These types of apparatuses often utilize
mobile platforms, such as the mobile platform 204 to
provide the apparatus 202 with wireless communication
capabilities.

The mobile platiorm 204 may include a host processor
206. The host processor 206 includes a modem 208 and a
central processing unit (CPU) 210. In one aspect, the modem
208 can be a multiband-multimode modem, which can
process digital data and communicate with a transceiver
such that the digital data 1s sent and received using the
transceiver. In an aspect, the modem 208 may be multiband
and be configured to support multiple frequency bands for a
specific commumnications protocol, such as 5G NR. In an
aspect, the modem 208 can be multimode and be configured
to support multiple operating networks and communications
protocols. The modem 208 may control one or more com-
ponents of the apparatus to enable the transmission and/or
reception of signals from the network based on a specified
modem configuration. In one implementation, the modem
configuration can be based on the mode of the modem and
the frequency band in use. In another implementation, the
modem configuration can be based on configuration infor-
mation associated with the apparatus 202, as provided by the
network during cell selection and/or cell reselection. In other
embodiments, the modem 208 may be a GPS receiver to
receive GPS timing and positioning signals from a constel-
lation of GPS satellites such as the GPS satellites 110 of FIG.
1, for determining the position of the mobile platiorm 204.

The host processor 206 also includes the CPU 210. The
CPU 210 may include one or more processors and a read
only memory that stores code that may be implemented by
the CPU 210 1n order for the apparatus to implement IP
services, manage Wi-F1 link operations, perform other
mobile services, or to provide the procedures described
herein. As shown 1n FIG. 2, the mobile platform 204 include
a double data rate memory (DDR memory) 212. In one
aspect, the DDR memory 212 may be synchronous dynamic
random access memory (SDRAM). The DDR memory 212
1s used to store data, such as system configuration and
persistent data sets.

The apparatus 202 1s shown operating in a low power
mode, which 1s generally entered when the apparatus 202 1s
not 1n use by a user. The low power mode may be a sleep
mode, an 1dle mode, or a suspend mode. While 1n low power
mode, the apparatus 202 turns off power to most circuits
except a few critical blocks needed to resume operation once
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the apparatus 202 1s awakened. For example, during an 1dle
mode, a display of the apparatus 202 may be turned off and
no activity may be provided 1n the background. With regards
to the host processor 206, only a local crystal oscillator may
be kept running and the host processor 206 and the DDR
memory 212 may be operated at a minimum power level,
which may be referred to as a shutdown voltage level, such
as Vdd_min. The apparatus 202 may thus operate at a
mimmum current level, which may be referred to as a rock
bottom sleep current (RBSC).

Nevertheless, the DDR memory 212 1s configured to store
data that 1s used to restore the operation of the apparatus 202
once the apparatus 202 1s awakened. As shown 1n FIG. 2, the
DDR memory 212 includes a plurality of low power DDR
(LPDDR) dice. More specifically, the DDR memory 212
includes a LPDDR die 0, a LPDDR die 1, a LPDDR die 2,
and a LPDDR die 3. While the disclosure 1s presented using
dies, the disclosure may generally direct to any portions
within a memory system. For example, the portions may be

pages or any other partition of a memory system.
In this implementation, all of the LPDDR dice 1n the DDR

memory 212 are used to store data while the apparatus 202
1s provided 1n the low power mode. In order to do this, all
of the LPDDR dice 1n the DDR memory 212 remain on
while the apparatus 202 1s 1n the sleep mode. Thus, in this
implementation, all of the LPDDR dice are provided in
self-refresh mode to store restoration data. However, 1n
general, not all of the DDR memory 212 1s generally needed
to store the restoration data and the DDR memory 212 1n full
self-refresh mode consumes a significant amount of power,
particularly when the data needs to be saved for an extended
period of time.

FIG. 3 1s a diagram 300 illustrating an apparatus 302 for
a mobile system, which may be an example of the mobile
system 104 described above. The apparatus 302 includes a
mobile platform 304, which may be provided as a System on
Module (SoM) or a System on Chip (SoC) within the
apparatus 302. One example of the mobile platform 304 may
be any one of the Snapdragon™ mobile platforms provided
by Qualcomm®. Thus, 1n some aspects, the apparatus 302
may be a smart phone, a tablet, or an Io'T device. In another
aspect, the apparatus 302 may be integrated into an auto-
mobile and may be for example a GPS system integrated
into the automobile. These types of apparatuses often utilize
mobile platforms, such as the mobile platform 304 to
provide the apparatus 302 with wireless communication
capabilities.

The mobile platform 304 may include a host processor
306. The host processor 306 includes a modem 308 and a
central processing unit (CPU) 310. In one aspect, the modem
308 can be a multiband-multimode modem, which can
process digital data and communicate with a transceiver
such that the digital data 1s sent and received using the
transceiver. In an aspect, the modem 308 may be multiband
and be configured to support multiple frequency bands for a
specific communications protocol, such as 5G NR. In an
aspect, the modem 308 can be multimode and be configured
to support multiple operating networks and communications
protocols. The modem 308 may control one or more com-
ponents of the apparatus to enable the transmission and/or
reception of signals from the network based on a specified
modem configuration. In one 1mplementation, the modem
configuration can be based on the mode of the modem and
the frequency band 1n use. In another implementation, the
modem configuration can be based on configuration infor-
mation associated with the apparatus 302 as provided by the
network during cell selection and/or cell reselection. In other
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embodiments, the modem 308 may be a GPS receiver to
receive GPS timing and positioning signals from a constel-
lation of GPS satellites such as the GPS satellites 110 of FIG.
1, for determining the position of the mobile platform 304.

The host processor 306 also includes the CPU 310. The
CPU 310 may include one or more processors and a read
only memory that stores code that may be implemented by
the CPU 310 in order for the apparatus to implement IP
services, manage Wi-F1 link operations, perform other
mobile services, or to provide the procedures described
herein. As shown in FIG. 3, the mobile platform 304 include
a DDR memory 312. In one aspect, the DDR memory 312
may be SDRAM. The DDR memory 312 1s used to store
data, such as system configuration and persistent data sets.

The apparatus 302 1s shown operating 1n a low power
mode, which 1s generally entered when the apparatus 302 1s
not 1n use by a user. The low power mode may be a sleep
mode, an 1dle mode, or a suspend mode. While 1n low power
mode, the apparatus 302 turns off power to most circuits
except a few critical blocks needed to resume operation once
the apparatus 302 1s awakened. For example, during an idle
mode, a display of the apparatus 302 may be turned off and
no activity may be provided in the background. With regards
to the host processor 306, only a local crystal oscillator may
be kept running and the host processor 306 and the DDR
memory 312 may be operated at a minimum power level,
which may be referred to as a shutdown voltage level, such
as Vdd_min. The apparatus 302 may thus operate at a
minimum current level, which may be referred to as a rock
bottom sleep current (RBSC).

Nevertheless, the DDR memory 312 1s configured to store
data that 1s used to restore the operation of the apparatus 302
once the apparatus 302 1s awakened. As shown 1n FIG. 3, the

DDR memory 312 includes a plurality of low power DDR
(LPDDR) dice. More specifically, the DDR memory 312

includes a LPDDR die 0, a LPDDR die 1, a LPDDR die 2,
and a LPDDR die 3.

In this implementation, the CPU 310 1s configured to store
data within the DDR memory 312 of the apparatus 302.
Thus, during a normal mode of operation, the data may be
stored 1n the LPDDR die 0, the LPDDR die 1, the LPDDR
die 2, and the LPDDR die 3. The data may include configu-
ration parameters and persistent data sets that are used
during operation of the apparatus 302. The CPU 310 may
then be configured to detect a triggering event for a partial
area sell refresh (PASR) memory mode, as explained 1n
turther detail below. As explained in further detail below, the
triggering event may be based on a counter that determines
that the apparatus 302 has been in a low power mode (e.g.,
sleep mode) for a predetermined amount of time. In another
aspect, the triggering event may be based on the apparatus
302 being 1n a location that indicates that the apparatus 302
may be 1n a sleep mode for an extended period of time. Such
location may be, for example, a parking garage at an airport.
In still another aspect, the triggering event may be a user
input where the user indicates that the apparatus 302 should
operate 1n the PASR memory mode.

In one aspect, the CPU 310 1s configured to determine
whether a portion of the DDR memory 312 has suflicient
storage space to store the portion of the data that 1s stored 1n
another portion of the DDR memory 312. In this implemen-
tation, the CPU 310 1s configured to determine whether there
1s sullicient free storage space in the LPDDR die 2 and the
LPDDR die 3 to store the portion of the data that 1s stored
in the LPDDR die 0 and the LPDDR die 1. The LPDDR die
0 and the LPDDR die 1 are in an upper rank of the DDR
memory 312 and the LPDDR die 2 and the LPDDR die 3 are
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in a lower rank of the DDR memory 312. The memories or
LPDDR dice 1n a rank may be accessed simultaneously such
as by sharing a chip select, while memories or LPDDR dice
in different ranks may be accessed independently but not
simultaneously.

If there 1s suflicient free storage space, the CPU 310 1s
then configured to copy the portion of data stored in the

LPDDR die 0 and the LPDDR die 1 of the DDR memory
into the LPDDR die 2 and the LPDDR die 3 so that all of the
data 1s stored 1n the LPDDR die 2 and the LPDDR die 3 of
the DDR memory 312. The CPU 310 may do so through
read and write instructions that copy the portion of the data
stored 1n the LPDDR die 0 and the LPDDR die 1 into the
LPDDR die 2 and the LPDDR die 3. In this manner, all of
the data 1s stored in the LPDDR die 2 and the LPDDR die
3 in response to the triggering event and when the LPDDR
die 2 and the LPDDR die 3 of the DDR memory 312 1is
determined to have suflicient storage space for storing the
portion of the data that was stored 1n the LPDDR die 0 and
the LPDDR die 1.

The CPU 310 may then be configured to turn off the
LPDDR die 0 and the LPDDR die 1. The LPDDR die 0 and
the LPDDR die 1 of the DDR memory 312 may be tumed
ofl while the apparatus 302 1s 1n a low power mode (e.g.,

sleep mode). The CPU 310 1s configured to provide power
to the LPDDR die 2 and the LPDDR die 3 while the LPDDR

die 0 and the LPDDR die 1 of the DDR memory 312 is
turned ofl. More specifically, in the PASR memory mode,
the LPDDR die 0 and the LPDDR die 1 are turned ofl and
the LPDDR die 2 and the LPDDR die 3 are maintained 1n the
self refresh mode. In this manner, the data 1s all stored 1n a
portion of the DDR memory 312 while the other portion of
the DDR memory 312 1s turned ofl during the low power
mode. This leads to savings of battery power and thus allows
the apparatus 302 to maintain the necessary data needed for
the apparatus 302 to recover for longer periods of time.

With regards to the triggering event, the triggering event
may be selected to correspond to an event that indicates that
the apparatus 302 1s not going to be 1n use for an extended
period of time. In some 1implementations, the copying of the
portion of the data from one portion of the DDR memory
312 to the other portion of the DDR memory 312 results 1n
some power loss. Thus, the triggering event should be
selected for situations that indicate that the power saving
resultmg from turning off the LPDDR die 0 and the LPDDR
die 1 1s greater than the power losses resulting from copying
the portion of the data 1n the LPDDR die 0 and the LPDDR
die 1 into the LPDDR die 2 and the LPDDR die 3.

In one aspect, detecting the triggering event may include
first the CPU 310 being configured to provide the apparatus
302 1n a low power mode (e.g., a sleep mode). However, 1
the apparatus 302 i1s to be continually awoken and then
placed back into the low power mode, the power saving
from the PASR memory mode may not be realized. Accord-
ingly, the CPU 310 may be configured to determine that the
apparatus 302 has been 1n the low power mode for a
predetermined time duration before the DDR memory 312 1s
placed in the PASR memory mode. In one aspect, the
predetermined time duration may be 24 hours. The CPU 310
may include a counter that i1s iitiated as a result of the
apparatus 302 being placed in the low power mode. Once the
counter has counted to the predetermined time duration
without the apparatus 302 being awoken, the CPU 310 may
carry out the read and write operation to copy the portion of
the data stored in the LPDDR die 0 and the LPDDR die 1
into the LPDDR die 2 and the LPDDR die 3 and then turn
off the LPDDR die 0 and the LPDDR die 1. More specifi-
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cally, the CPU 310 may cause power circuitry to cut off
power to the LPDDR die 0 and the LPDDR die 1 while

maintaining power to the LPDDR die 1 1nto the LPDDR die
2 while the apparatus 302 1s 1n the low power mode.

In another aspect, detecting the triggering event may
include the CPU 310 being configured to obtain location
data that 1dentifies a location of the apparatus 302. The CPU
310 may then be configured to determine that the location
data indicates that the apparatus 302 is located at a particular
type of locale and to trigger the PASR memory mode. For
example, 1f the apparatus 302 1s integrated into an automo-
bile, the CPU 310 may determine from the location data that
the apparatus 302 1s located 1n a parking garage or 1n a car
rental lot, which indicates that the apparatus 302 1s not to be
in use for an extended period of time. Accordingly, once the
CPU 310 determines that the apparatus 302 1s 1n the parking
garage or the car rental lot, the CPU 310 may cause the DDR
memory 312 to enter into the PASR memory mode.

In still another aspect, detecting the triggering event may
include the CPU 310 being configured to receive a user mput
that requests that the DDR memory 312 operate in the PASR
memory mode. For example, configuration settings may be
presented to a user through a display in which the user can
select to place the apparatus 302 1into a deep sleep mode 11
the user 1s not going to use the apparatus 302 for an extended
period of time. The user may manipulate the configuration
settings to provide a user nput that indicates the apparatus
302 1s to be placed 1n a deep sleep mode and thus the DDR
memory 312 1s to be placed in a PASR mode. Accordingly,
once the CPU 310 recerves the user input, the CPU 310 may
cause the apparatus 302 to enter the deep sleep mode and the
CPU 310 then places the DDR memory 312 to enter into the
PASR memory mode.

FIG. 4 1s a flowchart 400 of a method of operating an
apparatus of a mobile system. The method may be per-
formed by the mobile system 104, the apparatus 302, the
apparatus 602 of FIG. 6, or the apparatus 702 of FIG. 7. At
402, the apparatus may store data within a memory of the
apparatus. The memory may include a first portion and a
second portion of a same type of memory. For example, the
first portion and the second portion of the memory may both
be a DDR memory, a DRAM, or other types of volatile
memories. At 404, the apparatus may copy a first portion of
the data stored in the first portion of the memory into the
second portion of the memory so that the first portion of the
data 1s now stored 1n the second portion of the memory.

In one aspect, the memory may include a plurality of
memory dice that store the data. The first portion of the
memory comprises a lirst subset of the memory dice and the
second portion of the memory comprises a second subset of
the memory dice. In one implementation, the first subset of
the memory dice are 1n a first rank of the memory and the
second subset of the memory dice are 1n a second rank of the
memory.

At 406, the apparatus may then turn off the first portion of
the memory. The first portion of the memory 1s turned ofl
while the apparatus 1s 1n a low power mode. The apparatus
may maintain power to the second portion of the memory
while the first portion of the memory 1s turned off. In this
manner, all of the data 1s stored 1n the second portion of the
memory and the apparatus can save power by not powering
the first portion of the memory.

FIG. 5 1s a flowchart 500 of a method of operating an
apparatus of a mobile system. The method may be per-
formed by the mobile system 104, the apparatus 302, the
apparatus 602 of FIG. 6, or the apparatus 702 of FIG. 7. At

502, the apparatus may store data within a memory of the




US 11,262,921 B2

9

apparatus. At 504, the apparatus may detect a triggering
event for a PASR memory mode. The apparatus may also
then determine whether a second portion of the memory has
suilicient storage space to store a first portion of the data that
1s stored in the first portion of the memory at 506. If there
1S su

icient storage space, the apparatus may then copy the
first portion of the data stored in a first portion of the
memory 1nto a second portion of the memory so that the data
1s stored 1n the second portion of the memory at 508. The
first portion of the data may thus be copied into the second
portion of the memory in response to the triggering event
and when the second portion of the memory 1s determined
to have suflicient storage space for storing the first portion
of the data.

In one aspect, the memory may include a plurality of
memory dice that store the data.

The first portion of the
memory comprises a lirst subset of the memory dice and the
second portion of the memory comprises a second subset of
the memory dice. In one implementation, the first subset of
the memory dice are 1n a {irst rank of the memory and the
second subset of the memory dice are 1n a second rank of the
memory.

The apparatus may then turn off the first portion of the
memory at 510. The first portion of the memory 1s turned off
while the apparatus 1s 1n a low power mode. Furthermore, at
512, the apparatus may provide power to the second portion
of the memory while the first portion of the memory 1is
turned off. In this manner, all of the data 1s stored in the
second portion of the memory and the apparatus can save
power by not powering the first portion of the memory.

As discussed above, different triggering events may cause
the memory to enter the PASR mode. In one aspect, to detect
the triggering event at 504, the apparatus may provide the
apparatus 1 a low power mode at 514. The apparatus may
then determine that the apparatus has been 1n the low power
mode for a predetermined time duration at 516.

In another aspect, to detect the triggering event at 504, the
apparatus may obtain location data that identifies a location
of the apparatus at 518. The apparatus may then determine
that the location data indicates that the apparatus 1s located
at a particular type of locale at 520.

In still another aspect, to detect the triggering event at
504, the apparatus may receive a user input that requests that
the memory operate in the PASR memory mode at 522.

FIG. 6 1s a conceptual data flow diagram 600 1llustrating
the data flow between diflerent components in an exemplary
apparatus 602. The apparatus may be the mobile system 104,
the apparatus 302, or the apparatus 702 of FIG. 7. The
apparatus includes a storage component 604 that stores data
within a memory of the apparatus, the memory including a
first portion and a second portion, a detection component
606 that detects a triggering event for a PASR memory
mode, a determining component 608 that determines
whether the second portion of the memory has suilicient
storage space to store a first portion of the data that is stored
in the first portion of the memory, a copying component 610
that copies the first portion of the data stored in the first
portion of the memory into the second portion of the
memory so that the data 1s stored 1n the second portion of the
memory, a turning ofl component 612 that turns off the first
portion of the memory, and a powering component 614 that
provides power to the second portlon of the memory while
the first portion of the memory 1s turned off.

As shown in FIG. 6, the storage component 604 may store
the data within the entire memory during a normal mode of
operation (e.g., to 1nstruct the memory of certain opera-

tions). The detection component 606 may then detect a
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triggering event for a PASR mode. In one aspect, the
apparatus 602 may be provided in a low power mode. The
detection component 606 may have a counter that determine
when the apparatus 602 has been 1n the low power mode for
a predetermined amount of time. In another aspect, the
detection component 606 obtains location data that identifies
a location of the apparatus from a reception component 616.
The reception component 616 may be 1 communication
with a base station 650, which determines the location of the
apparatus 602 and provides the location data to the reception
component 616. In other aspects, the reception component
616 may determine the location of the apparatus 602 from
signals received from the base station 650 or signals
received from the GPS satellites 110. The detection com-
ponent 606 may then determine that the location data
indicates that the apparatus 1s located at a particular type of
locale. In still another aspect, detection component 606 may
receive a user input that requests that the memory operate in
the PASR memory mode.

The detection component 606 may then transmait a check
memory signal CH to the determining component 608 so
that the determining component 608 determines whether the
second portion of the memory has suil

icient storage space to
store the first portion of the data that 1s stored in the first
portion of the memory. I there 1s suflicient storage space,
the determining component 608 transmits an ok signal to the
detection component 606. The detection component 606
then transmits a TR signal to the copying component 610,
the turning off component 612, and the powering component
614 to trigger the storage component 604 to enter the PASR
mode. The copying component 610 then provides mnstruc-
tions that cause the storage component 604 to copy the first
portion of the data stored in the first portion of the memory
into the second portion of the memory so that the data 1s
stored 1n the second portion of the memory. Next, the turning
ofl component 612 provides instructions to the storage
component 604 that cause the storage component 604 to turn
ofl the first portion of the memory. Finally, the powering
component 614 provides 1nstructions to the storage compo-
nent 604 that cause the storage component 604 to provide or
maintain power to the second portlon of the memory while
the first portlon of the memory 1s turned ofl.

FIG. 7 1s a diagram 700 illustrating an example of a
hardware implementation for an apparatus 702 employing a
processing system 714. The processing system 714 may be
implemented with a bus architecture, represented generally
by the bus 724. The bus 724 may include any number of
interconnecting buses and bridges depending on the specific
application of the processing system 714 and the overall
design constraints. The bus 724 links together various cir-
cuits 1ncluding one or more processors and/or hardware
components, represented by the processor 704, the compo-
nents 708, 710, 712, 716, 718, 720, and the computer-
readable medium/memory 706. The bus 724 may also link
various other circuits such as timing sources, peripherals,
voltage regulators, and power management circuits, which
are well known i1n the art, and therefore, will not be
described any further.

The processing system 714 may be coupled to a trans-
ceiver 730. The transceiver 730 1s coupled to one or more
antennas 740. The transceiver 730 provides a means for
communicating with various other apparatus over a trans-
mission medium. The transceiver 730 recerves a signal from
the one or more antennas 740, extracts information from the
received signal, and provides the extracted mmformation to
the processing system 714, such as the reception component
616 of FIG. 6. The processing system 714 includes the
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processor 704 coupled to the computer-readable medium/
memory 706. The processor 704 1s responsible for general
processing, including the execution of software stored on the
computer-readable medium/memory 706. The software,
when executed by the processor 704, causes the processing,
system 714 to perform the various functions described supra
for any particular apparatus. The computer-readable
medium/memory 706 may also be used for storing data that
1s manipulated by the processor 704 when executing the
soltware. The processing system 714 further includes at least
one of the storage component 708, the detection component
710, the determining component 712, the copying compo-
nent 716, the turning off component 718, and the powering,
component 720. These components may Ifunction as
described for the apparatus of FIG. 6. The components may
be solftware components running in the processor 704,
resident/stored in the computer readable medium/memory
706, one or more hardware components coupled to the
processor 704, or some combination thereof.

It 1s understood that the specific order or hierarchy of
blocks 1n the processes/tflowcharts disclosed 1s an 1llustration
of exemplary approaches. Based upon design preferences, 1t
1s understood that the specific order or hierarchy of blocks
in the processes/tlowcharts may be rearranged. Further,
some blocks may be combined or omitted. The accompa-
nying method claims present elements of the various blocks
in a sample order, and are not meant to be limited to the
specific order or hierarchy presented.

The previous description 1s provided to enable any person
skilled 1n the art to practice the various aspects described
herein. Various modifications to these aspects will be readily
apparent to those skilled in the art, and the generic principles
defined herein may be applied to other aspects. Thus, the
claims are not intended to be limited to the aspects shown
herein, but 1s to be accorded the full scope consistent with
the claim language, wherein reference to an element in the
singular 1s not mtended to mean “one and only one” unless
specifically so stated, but rather “one or more.” The word
“exemplary” 1s used herein to mean “serving as an example,
instance, or illustration.” Any aspect described herein as
“exemplary” 1s not necessarily to be construed as preferred
or advantageous over other aspects. Unless specifically
stated otherwise, the term ‘“‘some” refers to one or more.
Combinations such as “at least one of A, B, or C,” “one or
more of A, B, or C,” “at least one of A, B, and C,” “one or
more of A, B, and C,” and “A, B, C, or any combination
thereol” include any combination of A, B, and/or C, and may
include multiples of A, multiples of B, or multiples of C.
Specifically, combinations such as “at least one of A, B, or
C,” “one or more of A, B, or C,” ““at least one of A, B, and
C,” “one or more of A, B, and C,” and “A, B, C, or any
combination thereof” may be A only, B only, C only, A and
B, Aand C, B and C, or A and B and C, where any such

combinations may contain one or more member or members
of A, B, or C. All structural and functional equivalents to the
clements of the various aspects described throughout this
disclosure that are known or later come to be known to those
of ordinary skill 1n the art are expressly incorporated herein
by reference and are intended to be encompassed by the
claims. Moreover, nothing disclosed herein 1s intended to be
dedicated to the public regardless of whether such disclosure
1s explicitly recited in the claims. The words “module,”
“mechanism,” “element,” “device,” and the like may not be
a substitute for the word “means.” As such, no claim element
1s to be construed as a means plus function unless the
clement 1s expressly recited using the phrase “means for.”
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What 1s claimed 1s:

1. A method of operating an apparatus, comprising;:

storing, within a memory of the apparatus, data that 1s
used to restore operation of the apparatus after the
apparatus has been operating 1n a low power mode with
a plurality of circuit blocks of the apparatus including
a host processor operating at a reduced power level,
wherein the memory comprises a {irst portion and a
second portion of a same type of memory, a {irst portion
of the data 1s stored on the first portion of the memory,
and a second portion of the data 1s stored on the second
portion of the memory;

wherein triggering events for a partial area self refresh

(PASR) memory mode are (a) determining that the
apparatus has been in the low power mode for a
predetermined time duration, (b) determiming location
data that i1dentifies a location of the apparatus, and (c)
receiving an 1nput that requests that the memory oper-
ate 1n a PASR memory mode;

detecting a triggering event of the triggering events for a

PASR memory mode, wherein detection of any trig-
gering event causes the memory to enter the PASR
memory mode;
in response to detecting the triggering event, copying the
first portion of the data stored in the first portion of the
memory into the second portion of the memory so that
the data that 1s used to restore operation of the appa-
ratus 1s stored 1n the second portion of the memory; and

turning ofl the first portion of the memory while the
apparatus 1s in the low power mode that 1s entered when
the apparatus 1s not in use by a user, and

wherein power saving from turning ofl the first portion of

the memory 1s greater than power losses resulting from
copying the first portion of the data stored in the first
portion of the memory into the second portion of the
memory.

2. The method of claim 1, wherein the determining that
the apparatus has been in the low power mode for a
predetermined time duration 1s based on a counter.

3. The method of claim 1, wherein the determining
location data that identifies the location of the apparatus
further comprises; obtaining location data that identifies the
location of the apparatus and determining that the location
data indicates that the apparatus 1s located at a particular
type of locale.

4. The method of claim 1, wherein:

the memory comprises a plurality of memory dice that

store the data;

the first portion of the memory comprises a first subset of

the memory dice;

the second portion of the memory comprises a second

subset of the memory dice.

5. The method of claim 4, wherein the first subset of the
memory dice 1s 1n a first rank of the memory and the second
subset of the memory dice 1s 1n a second rank of the memory.

6. The method of claim 1, further comprising determining
whether the second portion of the memory has suilicient
storage space to store the first portion of the data that 1s
stored 1n the first portion of the memory, wherein copying
the first portion of the data stored in the first portion of the
memory 1nto the second portion of the memory occurs when
the second portion of the memory 1s determined to have the
suflicient storage space for storing the {first portion of the
data.

7. The method of claim 1, further comprising providing,
power to the second portion of the memory while the first
portion of the memory 1s turned off.




US 11,262,921 B2

13

8. An apparatus, comprising;:

a storage component configured to store, within a memory
of the apparatus, data that 1s used to restore operation
alter the apparatus has been operating 1n a low power
mode with a plurality of circuit blocks of the apparatus
including a host processor operating at a reduced power
level, wherein the memory comprises a {irst portion and
a second portion of a same type ol memory, a {irst
portion of the data 1s stored on the first portion of the
memory, and a second portion of the data 1s stored on
the second portion of the memory;

wherein triggering events for a partial area self refresh
(PASR) memory mode are (a) determining that the
apparatus has been in the low power mode for a
predetermined time duration, (b) determining location
data that 1dentifies a location of the apparatus, and (c)
receiving an input that requests that the memory oper-
ate 1n a PASR memory mode;

a detection component configured to detect a triggering
cvent of the triggering events for a (PASR) PASR
memory mode;

a copying component configured to, 1n response to detect-
ing the triggering event, copy the first portion of the
data stored 1n the first portion of the memory into the
second portion of the memory so that the data that 1s
used to restore operation of the apparatus 1s stored 1n
the second portion of the memory; and

a turning oil component configured to turn ofl the first
portion of the memory while the apparatus 1s 1n the low
power mode, that 1s entered when the apparatus 1s not
1n use, and

wherein power saving from turming off the first portion of
the memory 1s greater than power losses resulting from
copying the first portion of the data stored in the first
portion of the memory into the second portion of the
memory.

9. The apparatus of claim 8, wherein the detecting detec-
tion component 1s further configured to provide the appa-
ratus has been in the low power mode for a predetermined
time duration 1s based on a counter.

10. The apparatus of claim 8, wherein the detecting
component 1s further configured to: determine the location
of the apparatus; and obtain location data that identifies the
location of the apparatus and determine that the location data
indicates that the apparatus 1s located at a particular type of
locale.

11. The apparatus of claim 8, wherein:

the memory comprises a plurality of memory dice that
store the data;

the first portion of the memory comprises a first subset of
the memory dice;

the second portion of the memory comprises a second
subset of the memory dice.

12. The apparatus of claim 11, wherein the first subset of
the memory dice 1s 1n a first rank of the memory and the
second subset of the memory dice 1s 1n a second rank of the
memory.

13. The apparatus of claim 8, further comprising a deter-
mimng component configured to determine whether the
second portion of the memory has suflicient storage space to
store the first portion of the data that 1s stored in the first
portion of the memory, wherein the copying component 1s
configured to copy the first portion of the data stored in the
first portion of the memory into the second portion of the
memory when the second portion of the memory 1s deter-
mined to have the suflicient storage space for storing the first
portion of the data.
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14. The apparatus of claim 8, further comprising a pow-
ering component configured to provide power to the second
portion of the memory while the first portion of the memory
1s turned off.

15. The apparatus of claim 8, further comprising one of a
smart phone, an automobile, a laptop, a sensor, or an Internet
of Things device incorporating the memory, the storage
component, the copying component, and the turning oif
component.

16. An apparatus, comprising:

a memory; and

at least one processor coupled to the memory and con-

figured to:

store, within the memory, data that 1s used to restore

operation of the apparatus after the apparatus has been
operating 1n a low power mode with a plurality of
circuit blocks of the apparatus including the at least one
processor operating at a reduced power level, wherein
the memory comprises a first portion and a second
portion ol a same type of memory, a first portion of the
data 1s stored on the first portion of the memory, and a
second portion of the data is stored on the second
portion of the memory;

wherein triggering events for a partial area self refresh

(PASR) memory mode are (a) determining that the
apparatus has been in the low power mode for a
predetermined time duration, (b) determiming location
data that i1dentifies a location of the apparatus, and (c)
receiving an input that requests that the memory oper-
ate 1n a PASR memory mode;

detect a triggering event of the triggering events for a

PASR memory mode, wherein detection of any trig-
gering event causes the memory to enter the PASR
memory mode;

copy the first portion of the data stored 1n the first portion

of the memory 1nto the second portion of the memory
so that the data that 1s used to restore operation of the
apparatus 1s stored 1 the second portion of the
memory; and

wherein the at least one processor 1s configured to detect

the triggering event by being configured to determine
that the apparatus has been in the low power mode for
a predetermined time duration using a counter, and
wherein power saving from turning oif the first portion
of the memory 1s greater than power losses resulting
from copying the first portion of the data stored in the
first portion of the memory into the second portion of

the memory.

17. The apparatus of claim 16, wherein the at least one
processor 1s configured to determine that the apparatus has
been 1n the low power mode for a predetermined time
duration based on a counter.

18. The apparatus of claim 16, wherein the at least one
processor 1s configured to determine location data that
identifies the location of the apparatus indicates that the
apparatus 1s located at a particular type of locale.

19. The apparatus of claim 16, wherein:

the memory comprises a plurality of memory dice that

store the data;

the first portion of the memory comprises a {irst subset of

the memory dice;

the second portion of the memory comprises a second

subset of the memory dice.

20. The apparatus of claim 19, wherein the first subset of
the memory dice 1s 1n a first rank of the memory and the
second subset of the memory dice 1s 1n a second rank of the
memory.
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21. The apparatus of claim 16, wherein the at least one
processor 1s further configured to determine whether the
second portion of the memory has suflicient storage space to
store the first portion of the data that 1s stored in the first
portion of the memory, wherein the at least one processor 1s 2
configured to copy the first portion of the data stored in the
first portion of the memory into the second portion of the
memory when the second portion of the memory 1s deter-
mined to have the suflicient storage space for storing the first
portion of the data.

22. The apparatus of claim 16, wherein the at least one
processor 1s further configured to provide power to the
second portion of the memory while the first portion of the
memory 1s turned off.

23. The apparatus of claim 16, further comprising one of
a smart phone, an automobile, a laptop, a sensor, or an
Internet of Things device imncorporating the memory and the
at least one processor.

24. A method of operating an apparatus, comprising: 20
storing, within a memory of the apparatus, data that is
used to restore operation of the apparatus after the
apparatus has been operating in a low power mode with
a plurality of circuit blocks of the apparatus including
a host processor operating at a reduced power level, 35
wherein the memory comprises a {irst portion and a
second portion of a same type of memory, a {irst portion
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in response to detecting the triggering event, copying the

turning o
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of the data 1s stored on the first portion of the memory,
and a second portion of the data 1s stored on the second
portion of the memory;

wherein triggering events for a partial area sell refresh

(PASR) memory mode are (a) determining that the
apparatus has been in the low power mode for a
predetermined time duration, (b) determining location
data that i1dentifies a location of the apparatus, and (c)
receiving an 1put that requests that the memory oper-
ate mn a PASR memory mode, wherein detecting a
triggering event of the triggering events comprises a
request that the memory operate in the PASR memory

mode;

first portion of the data stored in the first portion of the
memory nto the second portion of the memory so that
the data that 1s used to restore operation of the appa-
ratus 1s stored 1n the second portion of the memory; and
I the first portion of the memory while the
apparatus 1s in the low power mode that 1s entered when
the apparatus 1s not 1n use by a user,

wherein power saving from turning ofl the first portion of

the memory 1s greater than power losses resulting from
copying the first portion of the data stored in the first
portion of the memory into the second portion of the
memory.
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